Heating of metallic rods induced by time-varying gradient fields in MRI.
To develop and validate an analytical technique to estimate the heating of metallic rods by magnetic resonance imaging (MRI) gradient fields to aid developers of MRI-compatible devices. Twelve rods (12.7 mm diameter, 127 mm long) were used. The magnetic field was provided by a custom-made water-cooled solenoid driven by a 1 kHz sinusoidal waveform with a 7.2 A peak current. The sample was insulated with polystyrene and the temperature measured using an MR-compatible thermocouple system (Sa1-E from Omega). Measurements were recorded using a National Instruments SCXI-1303. The AC/DC module of COMSOL 3.4 was used for finite element analysis of the power deposited. Finite element analysis (FEA) showed good correspondence with the analytical estimates for the rod parallel to the field and then FEA was used to determine the scaling function for the rod perpendicular to the field. The experimental results showed good correlation with the theoretical estimate when the finite length of the test coil was accounted for. A new scaling function for the rod perpendicular to the field was developed. Heating in this orientation is double that of the parallel case. The results will aid developers of MRI-compatible devices in estimating heating before testing in the MRI.